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Product Stored: Spent Activated Carbon (Design for Both Liquid Slurry & Dry Granular Material)
Specific Gravity: 1.50
Max Temperature: 150o F
Design Pressure: Atmospheric
Design Codes: 1) API 650 11th Edition

2) IBC 2012 for Seismic
Wind Design: Vessel is indoors; wind is not considered
Seismic Design: IBC 2012: SS = 0.23g, S1 = 0.15g, Ie = 1.5, Site Class D

Description

Design Criteria

Design Methodology

October 3, 2014

Design Summary

This vessel is a double-wall inverted pyramid hopper for use inside a water treatment plant near Parker, Arizona.  
Product is spent activated carbon granular material (both liquid slurry and dry granular material).  Material used for 
the tank construction is SS304 stainless steel except for the inner shell in contact with product which is SS316.  
Inner shell is separated from outer shell by (12) evenly spaced bent plate channel spacers @ 1 1/2" tall.  These 
spacers are attached to inside of outer shell.  Inner shell is 3/8" thick SS316 plate, and outer shell is 1/4" SS304 
plate.

Specific gravity of product is provided by customer at 1.50 (conservative).  Tank is designed for atmospheric 
pressure (no internal pressure or vacuum) and ambient temperature.  Design codes used for this tank are API 650 
and IBC 2012.  There are no American codes that specifically address all components of hoppers, so other codes 
& design procedures will be used as appropriate.  Allowable steel stresses are taken per API 650.  Wind and 
seismic loads are calculated both per IBC 2012, and load combinations are taken per IBC 2012.  Seismic design 
values above are from USGS website for Parker, AZ.

The Inner tank shell is the normal pressure boundary; the outer tank is used for leak containment.  Under normal 
loading, inner shell transfers loads to the outer shell at discreet locations of spacers.  In event of leak in inner shell, 
space between the two shells may fill up, subjecting the outer shell to uniform product pressure.  This full product 
pressure could only be developed for liquid slurry condition, but 5' head on dry product will conservatively be 
considered for design of both the inner and outer shell. Vessel is supported at a stiffened rectangular compression 
bar (base plate) at top of vault walls, and vessel is anchored to tops of these walls.  

Vessel is replacing an similar existing hopper at same location.  Vessel is supported on (3) walls of a concrete 
vault, and by an HSS8x8 along one (short) side.  Existing anchor bolts are corroded and will be cut off and not 
reused.  New epoxy anchors will be installed in existing concrete walls and welded to existing HSS tube.  Check of 
existing concrete vault is beyond the scope of these calcs, but it should be adequate as hopper is being replaced in 
kind.  For lateral load calculations, it is assumed that tank is a pendulum-type structure rigidly supported at anchor 
plates.  For seismic OTM calculations, product head above the anchor bolt circle is conservatively ignored.  
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Product Stored: Spent Activated Carbon (Design for Both Liquid Slurry & Dry Granular Material)
Specific Gravity: 1.50
Max Temperature: 150o F
Min Design Metal Temp: -20o F
Design Pressure: 0 psig (atmospheric)
Corrosion Allowance: 0 in
Design Codes: 1) API 650 11th Ed.

2) IBC 2012 for Wind & Seismic
Seismic Design: SS = 0.23g, S1 = 0.15g, Fa = 1.60, Fv = 2.40, Ie = 1.5, Site Class D

Seismic Design Category B
Wind Design: Not Required

Weights: Empty Vessel = Wempty = 7.5 k 
Product in tank (full to grating level) = 25.3 k

Tank + operating product = Wfull1 = 32.8 k
5' head of dry product above top of grating = 54.7 k

Tank + operating product + head = Wfull2 = 87.5 k
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Design Criteria & Sketch

Bottom nozzle 

L7x4x3/8 bent plate angle 
(SS304, all around) 

L5x3x1/4 bent plate angle 
(SS304, all around) 

8'-3" short side x 14'-2" long side 

1.5" space between 3/8" 
SS316 inner shell & 1/4" 

SS304 outer shell 

1/4"x1.5"x3" bent plate channel spacer (SS304, 
2 on short sides; 4 on long sides, evenly 
spaced, welded to 1/4" outer shell) 

Existing vault support 
(all around) 

3/4" x 9" bolting 
/base plate (all 
around) 

3/8" gusset plates 
(@ 18" max 
spacing) 3/8"x 12.625" vertical 

plate (all around) 
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IBC 2012 Seismic Design Loads:  (ref ASCE 7-10 Sections 13 & 15)

Governing Seismic Design Acceleration:
Horizontal: Ai = (0.4apSDSIp)[1+2(z/h)]/Rp = 0.059 g (Eq 13.3-1)

or,  Ai = 0.3SDSIe = 0.110 g GOVERNS (Eq 15.4-5)
Where: SDS = (2/3)FaSs = 0.245

Fa = 1.600
Ss = 0.230
ap = 1.0
Rp = 2.5 (per ASCE 7-10, Table 13.6-1)

Ie = Ip = 1.50
Vertical: Av = 0.2SDSIp = 0.074 g

Base Shear:  (ref ASCE 7-10 Eq. 12.8-1)
Vessel full:    Vs-full = AiWfull2 = 9.66 k GOVERNS

Where: Design acceleration = Ai = Cs = 0.110 g
Wfull2 = 87.50 k

Vessel empty:  Vs-empty = AiWempty = 0.83 k
Wempty = 7.50 k

Overturning Moments (at anchor plate level):
Vessel full: Ms-full = (Vs-full)(CGfull) = 16.91 ft-k GOVERNS

Where: CGfull = 1.75 ft (below top of vault / anchor plate)

Vessel empty: Ms-empty = (Vs-empty)(CGempty) = 1.45 ft-k
Where: CGempty = 1.75 ft

Resisting Moments (at anchor plate level, conserv. ignore product head above grating):
Vessel full:  Mresist = (0.6)(Wfull1)(8.25/2) = 81.18 ft-k

Vessel empty:  Mresist = (0.6)(Wempty)(8.25/2) = 18.56 ft-k

(Since OTM < resisting moment, hopper is stable for seismic overturning)
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IBC 2012 Seismic Design Loads
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Hopper Details
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Hopper Details, cont.
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Hopper Details, cont.
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Hopper Details, cont.
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Spacing of C3x1.5x1/4 Spacers Between Inner & Outer Walls
• Spacers are welded to 1/4" outer shell with min weld shown below
• Support spacing for 1/4" outer wall governs over 3/8" thick inner hopper wall
• Consider granular material with 5' head as governing condition for these checks
     Check plate midway down hopper wall:

Max allowable stiffener spacing:
Ls = (54000t2/p)1/2 = 30.3 in

Where: t = 0.25 in
p = 3.68 psi

Max actual stiffener spacing = 17 in  < Allowable, OK

     Check midway between upper horz stiffener and grating:
Max allowable stiffener spacing:

Ls = (54000t2/p)1/2 = 35.0 in
Where: t = 0.25 in

p = 2.76 psi
Max actual stiffener spacing = 29.3 in  < Allowable, OK

Check C3x1.5x1/4 Stiffeners/Spacers Between Inner & Outer Walls
Short side of hopper

     Check stiffener midway down hopper wall:
fb = M/S = 9845 psi

Where: M = wL2/8 = 12110 in-lbs
w = 60.7 pli
L = 40.0 in
S = 1.23 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK
     Check midway between upper horz stiffener and grating:

fb = M/S = 12978 psi
Where: M = wL2/8 = 15963 in-lbs

w = 80.0 pli
L = 40.0 in
S = 1.23 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK
Long side of hopper

     Check stiffener midway down hopper wall:
fb = M/S = 7053 psi

Where: M = wL2/8 = 8675 in-lbs
w = 62.5 pli
L = 33.3 in
S = 1.23 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK
     Check midway between upper horz stiffener and grating:

fb = M/S = 9088 psi
Where: M = wL2/8 = 11178 in-lbs

w = 80.5 pli
L = 33.3 in
S = 1.23 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK

October 3, 2014

Design Hopper Components

3-6 1/4 
3-6 1/4 

1/4" Bent plate channel, 
1.5" legs x 3" tall 

1/4" SS304 
outer shell 

Channel Spacer Details 
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Angle Stiffeners on Outside of Exterior Shell
Upper stiffener (governing condition is long side)

fb = M/S = 15587 psi
Where: M = wL2/8 = 199508 in-lbs

w = 107.2 pli
L = 122.0 in

Try L7x4x3/8 welded to 1/4" shell, S = 12.8 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK
Lower stiffener (governing condition is long side)

fb = M/S = 15135 psi
Where: M = wL2/8 = 75071 in-lbs

w = 137.9 pli
L = 66.0 in

Try L5x3x1/4 welded to 1/4" shell, S = 4.96 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK

Top Compression Bar
Short side of hopper: fb = M/S = 8421 psi

Where: M = wL2/8 = 117563 in-lbs
w = 96.0 pli
L = 99.0 in

Try FB 3/4"x 9" welded to 3/8" x 12.625" vert plate, S = 13.96 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK
Long side of hopper: fb = M/S = 14464 psi

Where: M = wL2/8 = 201923 in-lbs
w = 55.9 pli
L = 170.0 in

Try FB 3/4"x 9" welded to 3/8" x 12.625" vert plate, S = 13.96 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK

3/8" x 12.625" Top Vertical Perimeter Plate
Max spacing of gussets for 5' of head pushing outward:

Max allowable gusset spacing:
Ls = (54000t2/p)1/2 = 48.3 in

Where: t = 0.375 in
p = 3.25 psi

Max actual stiffener spacing = 18 in (max)  < Allowable, OK
Check 18" spacing of gussets for forces due to hopper inner wall pulling inward:

fb = M/S = 13134 psi
Where: M = wL2/8 = 3886 in-lbs

w = 96.0 pli
L = 18.0 in

3/8" x 12.625" tall plate, S = 0.30 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK
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Check Hopper Components, cont.

1/4" SS304 
outer shell 

3-6 1/4 
3-6 1/4 

Angle Stiffener 
(see sizes to 

right) 

Exterior Stiffener Details 
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Grating Max span of bearing bars = 4.72 ft 
Use 1 1/4" x 3/16" Galvanized Stainless Steel Bar Grating (19-W-4)

Allowable uniform load = 325 psf > 100 psf √  ΟΚ
(see attached grating data sheet)

Grating Support Beam
fb = M/S = 10408 psi

Where: M = wL2/8 = 57867 in-lbs
w = 47.2 pli
L = 99.0 in

Try W6x9 (or shop fab'd equal), S = 5.56 in3

Fb = (0.7)(22,500 psi) = 15750 psi  > Actual, OK
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Check Hopper Components, cont.

1/4" SS304 
outer shell 

1/4 

3/8"x 9"x12" gussets at 18" 
max spacing 

3/8" SS316 
inner shell 

1.5" space 
between 

3/16 
3/16 

3/4" x +/-9" SS304 
Perimeter 

Anchor/Base Plate 

Grating Support 

3/8" x 12.625" SS316 
perimeter plate 

3/16 
3/16 

Section thru Top Edge of Hopper 
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Hopper Grating

Per chart below, 1 1/4 x 3/16 W-19-4 stainless steel grating is OK for up to 325 psf > 100 psf.  √ ΟΚ
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3000 psf

Anchor Bolt Summary
Use (12)  - 0.75 inch diameter threaded rod Anchor Bolts Around Base Plate
Material = ASTM F593 CW2 (316) (threaded rod)

(Recommended min) Projection above concrete = 3 in + grout thickness (if this vessel is grouted)
Min Embedment = 6.0 in
Min Edge Distance = 6.0 in (all sides of all anchor bolts)

Min Concrete f'c = 4000 psi

October 3, 2014

Anchorage Summary - Hilti Epoxy Anchor Option

Hilti HIT RE 500-SD 
threaded rod anchor 

Existing 12" thick 
concrete vault wall 

Anchor Bolt w/ 
at least  

(1) HH top nut 
& washer 

Min Embedment 

3/4" thk base plate 
(SS304) 

3/8" Gusset (SS304) 

Grout as req'd 
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Check Anchor Bolts per IBC 2012 ''Strength Design'', ACI 318-11, Appendix D & Hilti ESR-2322.

Trial Input Data
Bolt diameter (do) = 0.750 in dia.
Bolt material = ASTM F593 CW2 (316) (threaded rod)

Yield strength of bolt material = 45 ksi
Bolt embedment depth (hef) = 6 in
Minimum bolt edge distance (c1) = 6 in
Cross-sectional area of bolt (Ad) = 0.44 in2

Tensile stress area of bolt (Ase) = 0.334 in2

Minimum root area of bolt (Ar) = 0.302 in2

Minimum Concrete fc' = 4000 psi

Seismic overturning moment (Ms) = 16.91 ft-k
Seismic Base Shear (Vs) = 9.66 k

Empty wt. of tank = 7.5 k
Full wt. product & tank (WT) = 32.8 k

Seis. pullout for IBC strength level equations = 1.0Etension - 0.6D = 0.01 k/bolt
Where: Etension = 0.50 k/bolt

D = 0.81 k/bolt

Seismic shear used in IBC strength level equations = 1.0Eshear = 1.21 k/bolt
(conservatively ignore resisting friction due to weight of tank & product)

Total strength level design pullout (Nu) = 0.01 k/bolt
Total strength level design shear (Vu) = 1.21 k/bolt

Conservatively ignore one bolt per leg in following equations

Per IBC 2012 Anchor Bolts are Acceptable If:
Anchor bolt tensile strength is greater than factored tension load: φNn > Nu

and anchor bolt shear strength is greater than factored shear load: φVn > Vu

And if interaction checks are satisfied (see loads below):
Case 1) Steel strength: Nu/φNs + Vu/φVs = 0.118  < 1.2 -- OK
Case 2) Concrete breakout: Nu/φNcb + Vu/φVcb = 0.284  < 1.2 -- OK

Therefore Anchors are OK per Interaction Checks

October 3, 2014

Tank Anchorage (Hilti Epoxy Anchors)
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Check anchor bolt tension: 
Check following cases: 1) Steel strength of anchor in tension: φNs > Nu

2) Concrete breakout strength of anchor in tension: φNcb > Nu

3) Pullout strength of anchor in tension: φNpn > Nu

4) Concrete side-face blowout strength of anchor in tension: φNsb > Nu

Factored seismic uplift load per bolt (Nu) = 0.01 k (see above)

Case (1): Steel strength of anchor in tension: φNs > Nu

φNs = φAsefut = 18.56 k >   0.01 k -- OK
Where:  φ = 0.65

fut = 85.5 ksi 

ESR-1682 Test Results (for reference only): 12.39 k >   0.01 k -- OK

Case (2): Concrete breakout strength of anchor in tension: φNcb > Nu

φNcb = (φ)(ANc/ANco)(ψed,N)(ψc,N)(ψcp,N)(Nb) = 9.99 k >   0.01 k -- OK
Where:  φ = 0.65

ANc = 225 in2

ANco = 9hef
2 = 324 in2

ψed,N = 0.7+(0.3c)/(1.5hef) = 1.0
ψc,N = 1.4

ψcp,N = 1.0
Nb = k(f'c)

1/2(hef)
1.5 = 15.8 k
k = 17

Case (3): Pullout strength of anchor in tension (see Hilti ESR-2322,4.1.4):
φNa = (φ)(ANa/ANao)(ϕp,NaNao) = 14.38 k >   0.01 k -- OK

Where:  φ = 0.65
ϕp,Na = 1.4
ANa = 245 in2

ANao = 245 in2

Nao = πτkcrdhef = 15.80 k 

Case (4): Concrete side-face blowout strength of anchor in tension: φNsb > Nu

φNsb = φ160c(Abrg)
0.5(f'c)

0.5 = N/A k
Equation does not apply since bolts are post-installed & not headed.
Since edge distance is 6 in, side blowout is not an issue

(ref. edge distance requirements in Hilti data sheets).

Therefore Anchors are OK for Tension Loads

Tank Anchorage (Hilti Epoxy), cont.
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Check anchor bolt shear: 
Check following cases: 1) Steel strength of anchor in shear: φVs > Vu

2) Concrete breakout strength of anchor in shear: φVcb > Vu

3) Concrete pryout strength of anchor in shear: φVcp > Vu

Factored seismic shear load per bolt (Vu) = 1.21 k (see above)

Case (1): Steel strength of anchor in shear: φVs > Vu

Check #1: φVs = φ0.6Asefut = 10.28 k >   1.21 k -- OK
Where:  φ = 0.60

fut = 85.5 ksi
Check #2: φVs = 10.24 k >   1.21 k -- OK

Where: Vs = 17.06 k (see Hilti ESR-2322, Table 7)
ESR-1682 Test Results (for reference only): 6.38 k >   1.21 k -- OK

Case (2): Concrete breakout strength of anchor in shear: φVcb > Vu

φVcb = (φ)(AVc/AVco)(ϕedVϕcVVb) = 4.27 k >   1.21 k -- OK
Where:  φ = 0.60

AV = 135 in2 (based on min dim's)
AVo = 162 in2

ϕedV = 1.0
ϕecV = 1.0

Vb = 7(l/do)
0.2(do)

1/2(f'c)
1/2(c1)

1.5 = 8.5 k
l = 6.0 in 

Case 3) Concrete pryout strength of anchor in shear: φVcp > Vu

Check #1: φVcp = (φkcpNcb) = 18.44 k >   1.21 k -- OK
Where:  φ = 0.60

kcp = 2.0
Ncb = φNcb/φ = 15.4

Check #2: φVcp = (φkcpNa) = 26.55 k >   1.21 k -- OK
Na = (ANa/ANao)(ϕpNaNao) = 22.12 k

Nao = τkcrπdhef = 15.80 k
τkcr = 1.12

ϕpNa = 1.00
ANa = 245 in2

ANao = 245 in2

Therefore Anchors are OK for Shear Loads
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Tank Anchorage (Hilti Epoxy), cont.
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